anwsthetic tubing had become disconnected was the change in the ECG. However, had he been watching the patient or even feeling the pulse he would have detected the impending disaster some minutes earlier. I would therefore make a strong plea for aneesthetists not to rely on monitoring indirect physiological phenomena without reference to the patient as a whole. We must use monitors as extensions of our own senses, to quantitate and analyse changes in order to allow us to practise anesthesia as a science. In this way we may work towards the late Professor Ronald Woolmer's vision of the practice of scientific anmesthesia, based on accurate information about what we are doing to the patient and his response to the anesthesia and surgery. The concepts of patient monitoring are permeating several spheres of medicine and surgery, in particular those clinical situations in which the continuous supervision of the patient is essential. Many ideas, techniques, special units and apparatus are concerned and it is becoming increasingly necessary to clarify some of the issues involved.
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Monitoring is obtaining information. The use of the term imposes no restriction on the type and extent of the information which is to be made available: each clinical problem has its own particular requirements and generalizations are of little value. Similarly, requirements differ according to whether one is concerned with routine patient management, with techniques which provide new information or with objective clinical research. In the management of patients with acute myocardial infarction, monitoring may play a large part. Conrideration of recent studies in these patients provides a useful basis on which to discuss some principles of monitoring in general and the problems of monitoring the cardiovascular system in particular.
First, what is the clinical problem? The hazards which face a patient with acute myocardial infarction may be divided into: (1) Cardiac arrhythmiasin particular ventricular fibrillation, cardiac asystole, supraventricular and ventricular tachycardias and bradycardia. (2) Failure of the ventricular myocardium to function as a pump. (3) Disturbances in peripheral vascular control. (4) Biochemical changes including those secondary to respiratory defects and general circulatory failure. (5) Pulmonary and systemic embolism. (6) The use and misuse of drugs.
Serious complications occur most frequently during the first forty-eight hours after the onset of symptoms. This is reflected in the very high mortality occurring during this period (Honey & Truelove 1957) . For the study of the clinical and physiological changes taking place during this critical period a special intensive care unit was set up at Hammersmith Hospital in association with the Postgraduate Medical School of London and the Medical Research Council (Shillingford & Thomas 1964 ). The patient is connected by leads from skin electrodes to an electrocardiograph and the ECG is displayed on a four-channel oscilloscope and may be recorded on a direct writer. It is also fed into the ratemeter alarm system of a Lown cardioverter and into a multichannel tape recorder in a nearby laboratory. This recorder will run continuously for twentyfour hours. Arterial and central venous pressures are measured directly via fine polyethylene catheters introduced percutaneously by the Seldinger method into a brachial artery and medial cubital vein. Between measurements the catheters are filled with heparin 5,000 units/ml and are bound to the patient's forearm by crepe bandage. They cause no distress and do not limit movement of the arm. Pressures are measured by means of Statham P23Gb strain gauges, displayed on the oscilloscope and may be recorded either on the main direct writer or on magnetic tape. Cardiac output is measured by the photoelectric earpiece technique and Coomassie blue dye as indicator. Skin and body temperatures are measured by means of an electric thermometer. Some of the observations made have direct bearing on practical monitoring methods. Currently, heart rate monitoring, using the ECG, is used for warning of cardiac arrhythmias and especially of cardiac arrest. The warning device of the Lown cardioverter is typical of that found in many small monitoring units. It consists of a heart ratemeter which sets off a warning noise when the heart rate goes above or below a preset range. The range may be adjusted according to the circumstances. At first practical problems with electrode movements and false alarms led to distrust of the instrument and it was discarded altogether by some. Recent improvements in electrode design have changed the situation considerably and it may now be possible to rely on such instruments to a much greater extent. The best type of electrode tried so far consists of a small shallow plastic cup with a press-stud attachment for the electrical lead; the cup is filled with normal saline electrode jelly and fixed to the skin with double surface adhesive material (Fluck & Burgess 1966) . The heart rate warning device, though effective when the heart rate is high or low, gives no alarm in the intermediate range and under some circumstances may not give warning of cardiac arrest. In illustration of these points, reference may be made to specific examples. Fig 1 shows the onset of ventricular tachycardia in a patient with acute myocardial infarction. Ventricular fibrillation follows. At first the warning is sounded by the tachycardia, then the VF waves of varying amplitude fail to trigger the ratemeter and again the warning will sound. Correspondingly Fig 2 shows bradycardia in the form of complete heart block, when the slow ventricular rate of about 30/min leads to the alarm sounding.
It must be clearly appreciated that patients may deteriorate to a serious degree, with or without cardiac arrhythmia, with a heart rate within the normal range. In patients with acute myocardial infarction, nodal rhythm may lead Of even greater practical importance is the fact that cardiac arrest may occur without great change in the electrocardiogram. Fig 4 shows an example of mechanical cardiac arrest with arterial pulses of only a few mmHg amplitude, while the ECG proceeds at a normal rate and with a relatively normal pattern. No alarm would be given; the patient would die. Some alarm systems now have some type of peripheral pulse sensor in order that such situations should also sound an alarm.
Monitoring of the blood pressure is a wellestablished routine in the care of patients with acute myocardial infarction. Arterial hypotension is an important component of cardio- Arterial pressure pulses on the left are due to external massage vascular failure and the level of pressure is often used as an index of the patient's condition and the need for treatment. The study of the hemodynamic changes which accompany hypotension, however, has shown that this needs careful evaluation (Thomas et al. 1966) . Systemic hypotension may be found in association with widely differing hmmodynamic pictures, in widely different clinical circumstances and with widely different therapeutic implications: it may occur in association with a fall in cardiac output without change in total peripheral resistance or in association with a fall in peripheral resistance without change in cardiac output. Variations in arterial pressure may be due to a combination of cardiac and peripheral factors. Hypotension occurring in relation to reduced cardiac output is clinically characterized by evidence of defective perfusion of vital organs. Defective cerebral perfusion leads to drowsiness, restlessness and ultimately coma. Defective renal perfusion leads to renal failure and anuria. Defective skin perfusion is indicated by the typical cold pale extremities found in advanced states of cardiovascular failure. In contrast, peripheral dilatation may result in similarly low levels of blood pressure but, when the cardiac output is within the normal range, regional perfusion is adequate. In these circumstances the mental state is good, renal function is not impaired and the extremities are warm and pink.
The complex relationships between circulatory changes and clinical situation are not yet fully understood but consideration of our present knowledge reveals an obvious vital message: no one simple sign of circulatory function, whether it be ECG, heart rate or blood pressure, can fully represent the condition of the patient under all circumstances; it is still necessary for the clinician to evaluate the condition of the patient. For this reason we have used the most reliable, the most flexible and the most observant of all patient monitors, a nurse, in our unit: she can count the pulse, look at the oscilloscope, watch the patient; observe his appearance, his mental state, his symptoms, look to his comfort and, if necessary, maintain an adequate circulation by external cardiac massage and ventilation should arrest occur.
One outstanding gap in the monitoring repertoire is a reliable routine method of measuring blood flow; it would be extremely useful in managing patients with severe degrees of cardiovascular failure. In practice cardiac output may only be surmised from the clinical features; measurement of cardiac output at the present time is mainly limited to research studies. The methods used include application of the Fick principle but mainly involve indicator dilution techniques; the photoelectric earpiece, the arterial cuvette and intermittent arterial sampling are the most important. All have advantages and disadvantages. The photoelectric earpiece must be securely taped to the ear to prevent movement, which is sometimes a problem with restless patients. An absolute measurement of cardiac output is not available for many hours since it is necessary to extract dye from plasma for best results; no arterial puncture is necessary, however. Use of the arterial cuvette always requires arterial puncture or arterial catheterization; on the other hand, calibration of the dye curves, to give absolute cardiac output, is possible within a comparatively short time. Intermittent arterial fractionation, while perhaps offering the best results in terms of accuracy, also requires arterial puncture and in addition estimation of indicator concentration in many samples; a real barrier to routine use.
One relatively new technique is available which may offer something in terms of routine patient monitoring; flow-guided cardiac catheterization. Floating a fine polyethylene catheter into the pulmonary artery is a comparatively easy and innocuous procedure. Two kinds of information are provided: the pulmonary artery pressure and mixed venous blood samples. Many factors may influence the pulmonary artery pressure but it is possible that a dominant influence is the left atrial pressure. Pulmonary artery pressure may therefore be a useful indication of the degree of left ventricular failure. In addition, the mixed venous oxygen content may be a useful index of the cardiac output and of the overall efficiency of the circulation (Valentine et al. 1966 , Fluck et al. 1967 .
